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Technical FiplH 

The present invendon relates to a wound watment apparatus More 
» par.c»,ar,y, the present invention relates to a wound treatment apparatus for treatment 

ot surface wounds. 

Background Art 

Medical professionals such as nurses and doctors routinely treat 
patterns having surface wounds of varying size, shape, and severity. Variations in 
wound type and other patient indications dictate variations in desired medications for 
.reatment, such as antib.otics, growth factors, enzymes, hormones, insulin, anesthetics 
and the l*e. The nature of a wound further prescribes variations in treatment 
protocols, such as delivery rates for medication and temperature control. 

It is known tha, controlling the topical atmosphere adjacent a surface 
wound can enhance the healing process of the wound, for examp.e by manipulating the 
oxygen content and/or humidity, or by providing hyperbaric oxygen as part of a 
treatment protocol, or by introducing medicinal agents adjacent the wound surface 
See, for example, Madalene C. Y. Heng, Topical Hyperbaric Therapy forProNen, 
SkinWounaS, 19 J. Dermatol. Surg, Oncol. 784 (1993); Theodor Kaufman MD 
eta,., THeMicrocltntate Chancer: The Effect of Continuous Topical Aantini'stration 
Of 96% Oxygen and 75% Retake H, m i dlty on lhe Heall „ g Ra , e of Exper , mm , al 
Deep Burns, 23 ,. TRAUMA 807 (,983); and US. Patent No. 4,969,88, to Viesturs 
earned "Disposable Hyperbaric Oxygen Dressmg." The medical industry would 
benefit from a practical system for surface wound treatment that provides medical 
professionals with a flexib.e way to control the topical atmosphere adjacent the wound 
mcludmg application of aerosol med.cations and atmospheric constituents such as ' 
oxygen, as well as providing for collection of drainage from the wound site. 

Several publications establish that surgeons were active years ago in 
applymg a bandage or cover over a wound to provide a vacuum space above the 
wound to enhance hea.ing. Nevertheless, Waxe Fores, University inventors, whi.e no, 
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citing the publications, disclosed a vacuum wound therapy in U.S. Patents 5,645,08 1 
and 5,636,643. 

Conventional treatment of a surface wound typically involves placement 
of a packing or dressing material, such as cotton gauze, directly in contact with the 
5 patient's wound. Often there is a need to change the dressing material frequently 
because it becomes saturated with effluent material discharged from the wound. The 
.frequency of the need to change the dressing can increase when the care giver applies 
fluids to the dressing such as a saline solution, peroxide, topical antibiotics, or other 
medicines dictated by various treatment protocols for different types of wounds. 

Changing a wound dressing poses several potential problems for the 
care giver. Inadvertent contact with sensitive tissue within and adjacent the wound can 
cause significant discomfort to the patient as well as further trauma to the wound. 
Exposing the wound to the open atmosphere can increase the chance of infection. 
Dressings are typically secured in place with adhesives, and thus changing the dressing 
requires removing the adhesive from the patient's skin, posing risks of pain and trauma 
to the patient, especially if there is necrotic tissue. Similarly, the dressing material can 
bind with tissue within the wound, so that changing the dressing can cause tissue loss 
from the wound, resulting in pain to the patient and retarding the healing process. 
Medical care givers and patients both would benefit from a bandage system that 
provides sanitary collection and disposal of material discharged from a wound in the 
course of the treatment and healing process while reducing the need to remove 
dressing or packing material placed in contact with the wound. 

Summary of the Invention 

According to various features, characteristics, embodiments and 
alternatives of the present invention which will become apparent as the description 
thereof proceeds below, the present invention provides a wound treatment apparatus 
which includes a bandage configured to cover a wound and a seal about the perimeter 
of the wound. The bandage provides a cavity over the wound with a fluid supply and a 
fluid drainage ^.communication with the cavity. This cavity may be maintained at less 
than atmospheric pressure to enhance healing as known in the prior art. The present 
invention comprises enhancements to the prior art. ' 
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The wound treatment apparatus, for example, includes a first bandage 
configured to cover a wound. The first bandage includes a first surface configured to 
face toward the wound, at least one fluid delivery passageway through the first 
surface, at least one fluid drainage passageway through the first surface and fluid 
5 delivery conduit in communication with the fluid delivery passageway. The apparatus 
also includes a second bandage coupled with the first bandage. The second bandage 
includes a second surface configured to face toward the first bandage and provide a 
fluid space between the surfaces and has a fluid drainage conduit in communication 
with the fluid drainage passageway. 

10 Another embodiment of the wound treatment apparatus includes a 

bandage including a wound facing surface configured to face toward the wound and a 
fluid drainage passageway having an opening adjacent the wound facing surface. A 
fluid drainage tube is coupled to the fluid drainage passageway. First and second fluid 
drainage receptacles are coupled to the drainage tube. First and second valves are 

15 coupled between the fluid drainage tube and the first and second fluid drainage 
receptacles, respectively. 

An additional embodiment of the wound treatment apparatus includes a 
cover bandage configured to cover a wound and provide a seal on healthy skin tissue 
about the perimeter of the wound. The cover provides a relatively closed space about 

20 the wound which may be held at negative pressure. A fluid supply conduit is fitted 
between the cover bandage and healthy skin tissue near the wound. A fluid drainage 
conduit having at least one fluid drainage opening is fitted between the cover bandage 
and the healthy skin tissue and positioned on healthy skin tissue about the wound and 
the fluid supply. 

25 A further embodiment of the wound treatment apparatus includes a 

cover bandage providing a closed seal about a wound and a relatively closed cavity 
over the wound to be held at a negative pressure. The cover bandage includes a first 
surface configured to face toward the wound having least one fluid delivery 
passageway disposed through the first surface, and at least one fluid drainage 

30 passageway disposed through the first surface. A second surface is configured to face 
toward the first surface and provide a fluid space between the surfaces. The fluid 
space is segregated into a first chamber and a second chamber, wherein the first 
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chamber is formed abou, the fluid delivery passageway and the second chamber is 
formed abou, .he fluid drainage passageway. A fluid deiivery condui, is in fluid 
comn.unica.ion with ,he firs, chamber and the fluid deiivery passageway. A fluid 
drainage condui, has a, ,eas, one fluid drainage opening in fl uid communication wi,h 
5 the second chamber and the fluid drainage passageway. 

A still further wound treatment apparatus includes a cover bandage 
prov. ding a Cosed sea, abou, a wound positioned on ajoin, having a cav,ty over the 
wound slZ e 10 receive ,he join, and to be heid a, a negative pressure. The cover 
bandage rnciudes a first surface configured to face toward the wound, a, ieast one fluid 

•oward ,he firs, surface providmg a flu.d space between ,he surfaces. A fl„,d delivery 
condu., ,s ,„ fluid communica,ion „i,h the fluid space and ,he fluid delivery 
Passageway A fluid drainage condui, having a, leas, one fluid drainage opening is also 
in fluid communication with the cavity. 

Within the present invention, i„ combination with such a cover 
bandage, ,he fluid deiivery ,o ,he wound may include nebulizers, liauid medication 
pumps, recreating tempera.ure regula.ed fluid ,ubes, hea.ers, .emperature and 
pressure sensors, con.ro, valves, oxygen supplies, and controNers as described and 
claimed hereinafter All of ,hese features, including the vacuum feature, may be 

programmed ,o occur on prearranged schedules to deliver care-giver estab.ished 

protocols. 

*•» ,, ■ k Addi ' i0nal fCa,UreS ° f inVeMl0n beCOme "W"*" '° 'hose 

led ,„ ,he ar, upon consideration of ,he following de,ai,ed description exempting 
the best mode of carrying ou, ,he invention as presently perceived 



Brief Description nf th* rw„ inr 

The present invention will be described with reference to the attached 
drawmgs whuch are given as non-limiting examples only, in which: 

30 to th . ^ 1 ,S 3 PCrSPeCtiVe Vi6W ° f a Wound treatment apparatus according 

•>u to the present invention; 

Fig. 2 1S a schematic block diagram of a wound treatment apparatus 
accordmg to the present invention; 
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Fig. 3 is a schematic block diagram of an alternative embodiment 
wound treatment apparatus; 

Fig. 4 is an exploded perspective view of a two-piece bandage assembly 
according to the present invention; 

5 Fig. 5 is a top view of the bottom sheet of the medicinal delivery 

bandage of Fig. 4; 

Fig. 6 is a top view of the top sheet of the medicinal delivery bandage 

of Fig. 4; 

Fig. 7 is a top view of the medicinal fluid supply and temperature 
10 controlled, recirculating fluid tubes of Fig. 4; 

Fig. 8 is an end view of the medicinal fluid supply and temperature 
controlled, recirculating fluid tubes of Fig. 7; 

Fig. 9 is a sectional view taken along line 9—9 of Fig. 1; 

Fig. 10 is a top view of the bandage assembly of Fig. 1 with portions 

1 5 broken away; 

Fig. 1 1 is an exploded perspective view of an alternative embodiment of 

a bandage assembly; 

Fig. 12 is a perspective view of another alternative embodiment of a 
bandage assembly; 

20 Fi§ - 13 is a P ers P ecti ve view of yet another alternative embodiment of a 

bandage assembly; 

Fig. 14 is an exploded perspective view of an alternative embodiment of • 
a drainage bandage; 

Fig. 15 is a diagrammatic perspective view of an alternative 
25 embodiment of a wound treatment apparatus; 

Fig. 16 is a plan view of a recirculating fluid path assembly from the 
heating assembly of Fig. 15; 

Fig. 17 is a perspective view of the fluid path assembly of Fig. 16; 
Fig. 18 is an exploded perspective view of the radiant heating plate of 
30 the heating assembly of Fig. 15; 

Fig. 1 9 is a system block diagram of an alternative drainage system 

embodiment; 
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Fig. 20 is an exploded view of a wound treatment assembly and a 
medicinal fluid supply system including an additional embodiment of the present 
invention; 

Fig. 2 1 is a top view of the wound treatment assembly from Fig. 20; 

5 Fig 22 is a sectional view of the circulating fluid tube from the wound 

treatment assembly of Fig. 20, taken along line A- A; 

Fig. 23 is a top view of a wound treatment assembly including another 
embodiment of the present invention; 

Fig. 24 is a sectional view of the wound treatment assembly from Fig. 
10 23, taken along line B-B; 

Fig. 25 is a top view of a wound treatment assembly in accordance with 
a still further embodiment of the present invention; 

Fig. 26 is a sectional view of the wound treatment assembly from Fig. 
25, taken along line C-C; 



Fig. 27 is a top view of a wound treatment assembly in accordance with 
an additional embodiment of the present invention; 

Fig. 28 is a sectional view of the wound treatment assembly from Fig. 
27, taken along line D-D; 

Fig. 29 is a sectional view of the wound treatment assembly from Fig. 
20 27, taken along line E-E; 

Fig. 30 is a top view of a flexible wound treatment assembly in 
accordance with the present invention; 

Fig. 3 1 is a sectional view of the flexible wound treatment assembly 
from Fig. 30, taken along line F-F; and 
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Fig. 32 is a sectional view of the flexible wound treatment assembly 
from Fig. 3 1 , applied over a wound on a bendable joint. 

Fig. 33 is a perspective view of a wound treatment apparatus including 
a heating system. 

Fig. 34 is a perspective clear view of a portion of the wound treatment 
30 apparatus from Fig. 33. 



D etailed Descrip tion of n»,^» ? , 

I Referring now to the drawings, Fig. 1 iUustrates a WOUfld 

apparatus , 0 that indudes . ban Z e assembIy ] , ^ — 

adjacent a surface wound 16. Apparatus ,„ :„„, , 4 
* system .7. a wound drai„a g e £ em aid T COn ' r0 ' 

o oTw~r " f "~ — — i"* - 

Including a nebulizer 26 ("see Fies 1 an Ai\- 

^ scc r, 8 s and 3) in wound treatment 

°und, because these constituents must diffuse through the liquid Iav.r 

Bandage assembly ,2 1S a two-part assembly that includes a fluid 
medication delivery bandaee 18 a „H j , "ciuaes a fluid 

ha h m ' nd *" adsorben t drainage bandage 20 Drainaee 

- -na 8 e syst e m , 9 ca „ reg u,a,e CJd J^T^r"- ' % 

» t o * T ba " dage ' 8 in / Ud6S " mediCiMl fl " id "«* <"*• » - ^ 

Toopied to the patient's skin 14 over /Wound ifi n»i' u 

Piace * d rain a g e oa„da g e 2 0 canCa n d aT Z d d " ^ ^ 

, linage tube 24 that is coupled to wound 1 6 



-7- 



20 



25 



7175-64836 



-8- 

through delivery bandage 1 8 to allo\6 fluid from wound 16 to exit from bandage 
assembly 12, the fluid including both fluids secreted by wound 16 as well as fluids 
entering bandage 18 through medicinal fluid supply tube 22. Bandage assembly 12 
thus allows control of the toppd atmosphere adjacent wound 14 while limiting the 
5 exposure to atmospheric contaminants, allowing for use of treatment protocols to 
enhance healing while reducing opportunities for potential infection and trauma. 

Medicinal fluid supply system 15 of wound treatment apparatus 10 
illustratively includes nebulizer 26 and an optional liquid medication pump 39 as shown 
in Figs. 2 and 3. Temperature control system 17 includes a heater 40 and pump 42. 
10 Drainage system 19 includes a drainage bag 92 as shown in Fig. 2 or alternatively a 
vacuum pump 98 and liquid trap bottle 96 as shown by 19' in Fig. 3. 

Nebulizer 26 includes an input port 28 for accepting a nebulizer gas 
input, such as standard air or pure oxygen, a nebulized fluid output port 30, and a 
liquid reservoir 32 coupled between input and output ports 28, 30. Liquid reservoir 32 
15 illustratively contains medication as needed to implement a treatment protocol for 

wound 16, such as antibiotics, growth factors, enzymes, hormones, insulin, anesthetics, 
and the like. It is understood that reservoir 32 can contain any fluid, such as pure 
water or a saline solution. Nebulizer 26 is illustratively a Mini Heart model 
manufactured by Vortran, which can atomize approximately 4 milliliters per hour of 
20 liquid medication at an input gas flow rate of approximately 1.5 liters per minute. It is 
understood, however, that any suitable nebulizing device can be used. 
^3^^ Nebulizer output por/28 is coupled to medicinal fluid supply tube 22 of 

* delivery bandage 18 of bandage assembly 12. Optionally, a liquid medication pump 39 
such as an IV pump can also be cbupled to medicinal fluid supply tube 22. Wound 
25 treatment apparatus 10 thus provides for delivery of either aerosol or liquid medication 
or both to wound 16 through/delivery bandage 18. 

As discussed in more detail below, delivery bandage 18 further includes 
a recirculating fluid tube 34 having an input port 36 and an output port 38. Wound 
treatment apparatus 10 includes a heater 40 and a peristaltic pump 42 coupled between 
30 the input and output ports 36, 38 of recirculating fluid tube 34. Temperature control 
system 17 thus allows temperature controlled liquid to flow through bandage assembly 
12 to regulate the temperature at the site of wound 16. 



7175-64836 




-9- 

Peristaltic pump 42 is illustratively a Model 313 manufactured by 
Watson Marlow, using a nominal flow rate of between 200 to 250 milliliters per 
minute. Although a peristaltic pump driven by an AC synchronous motor at 72 RPM 
is used because its disposable tubing elements eliminate the need to clean the pump 
5 between patient uses, it is understood that other pump designs such as centrifugal, 
gear-driven, or diaphragm type pumps can be used. 

Heater 40 illustratively is a specially designed tubular unit that includes 
a tubular housing 37, a 100 watt heater element 35 positioned within housing 37, and a 
thermocouple 33 for monitoring the temperature of heater element 35. A fluid 

10 reservoir 41 is configured to fit within housing 37 so that heater element 35 can heat 
the recirculating fluid. As discussed below, other suitable heating systems can be used. 

Fluid reservoir 41 illustratively is formed from a rubber silicone tube 
configured to fit snugly within housing 37. Reservoir 41 advantageously is provided as 
a prepackaged unit with bandage assembly 12 along with associated tubes to prevent 

1 5 spillage that can accidentally occur if an open container is used for the recirculating 
fluid. It is understood, however, that other suitable devices for controlling the 
temperature of the recirculating fluid can be used, such as an immersion heater 
configured to be placed within an open fluid reservoir (not shown), or alternative 
embodiment heating assembly 200 as shown in Figs. 14-18 and discussed in detail 

20 below. 

Wound treatment apparatus 10 further includes a computer-based 
electronic control system 44 that is coupled electronically to the electronic and 
electro-mechanical components such as nebulizer 26, peristaltic pump 42, heater 40 
and thermocouple 33. Control system 44 provides for automated control of wound 

25 treatment apparatus 10 for various treatment protocols, for example to regulate 

temperature at the wound site by using heater 40 and pump 42 to regulate recirculating 
fluid temperature to 37° Celsius. 

Control system 44 illustratively is directly coupled to the controlled 
components using analog, discrete, and serial I/O signals as required by the various 

30 component interfaces. It is understood that the communication mechanism can include 
any type of electronic network, such as any serial bus or parallel bus architecture. The 
communications protocol similarly can vary. For example, master-slave, token ring, or 
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peer-to-peer communication protocols, such as Ethernet or Echelon LONworks™ can 
be used. By providing software control of wound treatment apparatus 10 components 
such as nebulizer 26, heater 40, and pump 42, control System 44 can automatically 
control the delivery of aerosol medication, temperature, and oxygen concentration 
levels at the site of wound 16 to implement a desired treatment protocol and to 
provide an optimal wound healing environment. 

Nebulizer input port 28 is coupled to a nebulizer gas input assembly 46 
that includes air and oxygen input ports 48, 50, an air compressor 52, air and oxygen 
pressure regulators 54, 56, a selector valve 58, and a nebulizer gas input filter 60. 



10 Filter 60 i s illustratively a single use 
<\ \ Oxygen input port 4i! 



hospital oxygen blender 62 through 



1 5 trap particulate matter and condensec 



disposable bacteria filter, 
can illustratively be coupled to a standard 
k standard hospital air filter and water trap 64 An 
mternal.compressed oxygen supply <U shown) can replace oxygen blender 62 

°Tl m l ^ M COnt r 3 5 ^ fiker e,ement *» d «** basin to 

water output from oxygen blender 62. Blender 



pediatric flowmeter that allows a flow 
three liters per minute 



62 further i„us,ra„vely includes an oxygen flowmeter 66 such as a standard hospital 



set range of, for example, between zero and 
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Air compressor 52 is coupled to nebulizer air input port 48 through an 
external air filter and water trap 68. Similar to supply of oxygen, an external 
compressed air supply („ ot shown) Can also be used. Air compressor 52 is 
•Hustratively a diaphragm type pump driven by a brushless DC motor that can deliver a 
minimum of 1.3 liters per minute at 15 psi. Compressor 52 includes an input filter (not 
shown) having a 25 micron filter/silencer. Similar to oxygen fi.ter and water trap 64 
air filter and water trap 68 contains a 5 micron filter element and catch basin for 
trapping particulate matter and water droplets from the compressed air output from 
compressor 52. 

Air and oxygen input ports 48, 50 are coupled to selector valve 58 
through a,r and oxygen pressure regulators 54, 56, respectively. Regulators 54 56 
maintain air and oxygen pressure between about 15 and about 17 psi. Air pressure 
regulator 54 vents excess air outside of wound treatment apparatus 10 through an air 
vent 70 and oxygen pressure regulator vents through oxygen vent 72 
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Selector valve 58 is coupled electronically to control system 44 to allow 
for software control of the mixing of air and oxygen so that the gas input to nebulizer 
26 can range from pure air to pure oxygen. Selector valve 58 can eliminate the need 
for external oxygen blender 62. Selector valve 58 illustratively switches between air 
5 and oxygen at a predetermined rate, although other valve arrangements can be used to 
mix a,r and gas, such as a dual input mixing valve, a pair of butterfly valves or other 
valve configurations for mixing two fluid input streams. Control system 44 can be 
used to supply an air/oxygen treatment protocol to the wound site automatically For 
instance, control system 44 can implement a programmed protocol to deliver 3 hours 
10 of an- followed by 3 hours of oxygen, and so on, to the wound site. Valve 58 

automatically switches to implement the programmed protocol. 
OVf] Nebulizer gas/input assembly 46 further includes an air pressure sensor 

$ 68 coupled between selector valve 58 and air pressure regulator 54, an oxygen 

pressure sensor 74 couo/ed between selector valve 58 and oxygen pressure regulator 
15 56, and a nebulizer gas input pressure sensor 76 coupled between selector valve 58 and 
nebuhzer input port /2 8. Sensors 72, 74, 76 are coupled to control system 44 to 
provuie feedback for monitoring of proper system operation and so that an alarm can 
be indicated and/wound treatment apparatus 10 shut down automatically if a pressure 
signal exceeds/a predetermined threshold. 

20 W ° Und treatment apparatus 1 0 also includes a nebulizer empty sensor 

78 to indicate if nebulizer 26 is empty. Nebulizer empty sensor 78 provides a feedback 
signal to electronic control system 44 and illustratively is an acoustical sensor. Control 
system 44 continuously monitors the output signal from sensor 78, which changes 
distinctively when reservoir 32 becomes empty, at which point an alarm can be 
25 signaled and wound treatment apparatus 10 shut down. It is understood that other 
types of sensors can be used to determine if nebulizer 26 is empty, such as for 
example, capacitive sensors, float switches, or optical, infrared, or ultrasonic sensors. 

\ Wound treatment apparatus 1 0 further includes a nebulizer pressure 

sensor 80 coupled between selector valve 60 and nebulizer input port 28 Pressure 
30 sensor 80 provides a feedback s.gnal to control system 44 indicative of pressure within 
nebuhzer 26 and is also used to verify the proper operation of selector valve 60 
Wound treatment apparatus 10 furthermore includes a tilt sensor 82 and a bandage 
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interface pressure sensor 84, both coupled to control system 44. Tilt sensor 82 signals 
^ a,arm and shuts down apparatus ,0 if apparatus ,0 is tilted beyond a predetermined 

threshold, illustratively 30°. 

Bandage interface pressure sensor 84 is coupled betwe*. nebulizer 
outpu, port 30 and medicinal fluid supp ly tube 22 of bandage assembly 12 By 
momtoring back pressure from the bandage, pressure sensor 84 allows contro, system 
M to prov.de a display indicative of pressure a, the interface between delivery bandage 
18 or between the patien, and a bed when the patien, is lying directly on bandage 
assembly 12. Contro, system 44 can also signal an alarm and shut down apparatus ,0 
.f interface pressure exceeds a predetermined threshold. 

Pressure on a wound can cause further skin breakdown, especially if the 
wound is a decubitus ulcer or bed sore. The wound interface pressure from sensor 84 
can be used as a feedback signa, to a bed contro, or a support surface control ,o adjust 
a, herapy surface. Sensoroutpu, 84 canalso signa, .he care giver through the contro, 
system and a nurse call system so that the caregiver can move thepatient, either on 
•he ex,s,i„g ma„ress or to a reduced pressure support surface, for treating the wound 

Temperature control system 1 7 includes heater 40, reservoir 4 1 and 
pump 42. Fluid reservoir 4 . indudes an input port 43 coupled to output port 38 of 
^ recreating fluid tube 34 and an output port 45 coupled to a tube feeding peristaltic 
20 pump 42. 

Peristaltic pump 42 includes a pump input port 47 coupled to reservoir 
output por, 45 and a pump ou.pu, port 49 coupled to input port 36 of recirculating 
flu,d tube 34. A pump output temperature sensor 86 and a pump safety shutoff 
.empera.ure sensor 88 bo.h are coupled benveen pump por. 49 and recirculating fluid 
-5 input port 36 of bandage assembly 12. 

Pump output temperature sensor 86 provides a feedback to control 
system 44 for Cosed loop control of heater 40 to control fluid input temperature to 
tube 34 ,„ bandage assembly 12 to a desired temperature, illustratively 37° Celsius 
Safety shutoff temperature sensor 88 is similarly p^ded as a feedback to control 
system 44 and is used to disable .and alarm apparatus 10 if recirculating fluid 
temperature exceeds a safe limh, such as 41° Celsius. Sensors 86, 88 illustrat.vely are 
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non-contact, infrared sensors such as an IRt/c.01HB-J-37C sensor from Exergen 
Corp., although it is understood that other suitable sensors can be used. 

Optionally, proximity sensors (not shown) can be used to ensure that 
temperature sensors 86, 88 are properly coupled. For example, temperature sensors 
86, 88 and respective proximity sensors can be coupled to a housing or channel into 
which a tube from recirculating fluid supply input port 36 is installed. If the proximity 
sensors do not detect the tube's presence within the channel, control system 44 can 
react accordingly, such as by providing a suitable display and/or alarm and/or by 
shutting down the system. 

Temperature control system 17 further includes a liquid leak sensor 90 
coupled adjacent pump 42 to monitor leaks from pump 42 or adjacent tubing. Sensor 
90 is illustratively a capacitive sensor pad located under peristaltic pump 42. Sensor 
90 provides a signal to electronic control system 44, which can alarm and disable 
wound treatment apparatus 10 if a leak is detected. 

Wound treatment apparatus 10 further includes a wound effluent 
drainage receptacle or bag 92 that collects fluid flowing from bandage assembly 12 out 
of drainage tube 24, including both fluid supplied into bandage assembly 12 from 
supply tube 22 and discharge from wound 16. Drainage bag 92 includes a vapor filter 
94 to filter gaseous components of fluid exiting bandage assembly 12. Vapor filter 94 
is illustratively a standard hospital ventilator exhaust filter configured to plug directly 
into the side of drainage bag 92. 

An alternative embodiment wound treatment apparatus 10' is shown in 
Fig. 3. Apparatus 10' replaces wound effluent drainage bag 92 and vapor filter 94 of 
apparatus 10 with a liquid trap bottle 96, a vacuum pump 98, and a vacuum filter 100 
coupled between trap bottle 96 and pump 98. Liquid trap bottle 96 is coupled to 
drainage tube 24 to collect liquids in the fluid flow from bandage assembly 12. 
Vacuum pump 98 is used to apply a negative pressure to facilitate drainage. If desired, 
sufficient negative pressure can be applied so that negative pressure on the wound 
facilitates its closure. Filter 1 00 illustratively is a hydrophobic bacteria filter coupled 
30 between trap bottle 96 and vacuum pump 98. 

Referring now to Figs. 4- 1 0, bandage assembly 1 2 includes delivery 
bandage 1 8 and drainage bandage 20. Delivery bandage 1 8 includes bottom and top 
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sheets .02, , 04 ,ha« sandwich both medicinal fluid supply tube 22 and recirculating 
fluid rube 34 Drainage bandage 20 includes bottom and .op sheets .06, ,08 tha, 
sandw,ch an adsorbent pad 1 10 and drainage tube 24. Adsorbent pad 1 10 is 
.Uustratively formed from medical grade hydrophilic foam, aUhough any suitable 
materia, S uch as an absorbent substance can be used. Bandage sheets 102, ,04 ,06 
> 8 are illustratively formed rrom Cear, flexible polyurethane or viny, tha, meet's USP 
Class VI requirements for medical applications. 

Delivery bandage bottom sheet ,02 is formed with a generally square 
penmeter 1 ,2 having rounded corners 1 .4 and a tab , ,6 along a side of perimeter , ,2 
as best shown in Fig. 5. Bottom sheet ,02 further includes a centra, wound drainage 
passageway ,18, a plurality of medicinal fluid supply passageways ,20 arranged in a 
circular pattern concentric with passageway 1 18, and a plurality of outer wound 
dramage passageways ,22 arranged in another concentric circular pattern radially 
outward of delivery passageways 120. Delivery passageways .20 provide for delivery 
of flu,d medications from medicinal fluid supply tube 22 to wound 16 and illustratively 
are relatively smaller than drainage passageways 1 18, , 22 that provide for passage of 
wound drainage through delivery bandage 1 8 

e lvery bandage /op sheet 104 is formed to include a perimeter 124 
, tab 126, central passageway ,2* and outer passageways ,30 tha, are configured to' 
a g„ with perimeter ,12, tab A central passageway ,28, and outer passageways ,22 
ofbottom sheet ,02 as bestrewn in Fig. 6 . When top and bottom sheets ,02 ,04 
are aligned, centra! passageways 1,8, ,28 and outer passageways 122, ,30 are'in fluid 
communication and allow/wound effluent to pass through bandage 18. 

Medicinal fluid su PP'y 22 and recirculating fluid tube 34 
illustratively are contained within a multi-lumen tube 1 32 as best shown in Figs 7 
and 8. ,, is understood tha, separate tubes can be used. Multi-lumen tube 132 is a 65 
durometer USP Class V, polyvinyl chloride triple lumen tube and has three channels 
one of which defines supply tube 22 and the other two define portions of recirculating 
flu, tube 34. Tube 1 32 indudes a terminal end ,34 tha, defines an end of medicinal 
IV fluid supply tube 22. 

Recirculating fluid tube 34 further includes a straight segment 1 36 tha, 
extends axially outward from end 134 and ageneraily circular segment ,38 coupled to 
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stratgh, segment .36 as best shown in Fig. 7. The geomett, of recircuiating fluid ^ 
34 can vary as needed ,o distribute temperature controlled fluid throughout delivery 
bandage 1,. Temperature regulated fluid, illustratively water, is circulated through 
dehvery bandage ,8 in segments .36, ,38 from temperate control system ,7 to 
mam,™ bandage 1 8 at an optima, temperature for wound treatment. , t is unders»od 
.ha, the temperature of bandage , 8 can be regu,a,ed by control system 44 according to 

destred treatment protocol, for example by maintaining a temperature to maximize 
treatment effectiveness of an enzyme or other medicinal fluid supplied through 
medicinal fluid supply tube 22. 

0 Delivery bandage ,8 is formed by sandwiching muld-lumen tube 132 

between top and bottom sheets 102, 104 so tha, tube 132 extends over tabs 1 16 126 
and crcular segment 138 is concentric with central passageways ,18, .28 as be* 
shown ,„ Fig. ,0. Top and bottom sheets ,02, ,04 are bonded together by radio 
freouency (RF) welding. Circular RF welds ,40, 142 sea, the perimeter around each 
patr of ahgned wound drainage passageways „8, ,28, and 122, 130. A perimeter RF 
weld 144 seals the aligned perimeters 1 12, 124. 

A fluid delivery chamber weld 146 extends from perimeter weld 144 
and encompasses inner wound drainage passageway weld ,40 to define a fluid delivery 
chamber ,48 tha, is in fluid commutation with dehvery passageways ,20 in bottom 
sheet ,02 and terminal end 134 of medicinal fluid supply tube 22. Thus, aerosol or 
hqutd medications supplied through medicinal fluid supply tube 22 from nebulizer 26 
or medicma, pump 39 can be delivered through delivety bandage ,8 to wound 16 
■hrough chamber 148 that is isolated from wound drainage passageways 1 ,8 ,22 
■28, 130. Recirculating fluid tube 34 illustratively is contained within delivery 
chamber ,48, although i, is understood tha, tube 34 could he isolated from chamber 

Delivery bandage 1 8 further includes a sealing gasket 1 50 coupled ,o 
ottom sheet ,02 adjacent its perimeter 1 ,2 as shown in Figs. 4 and 9. Gasket ,50 is 

.50 both to bottom sheet ,02 and for removably couphng gasket ,50 to a patient's 
skm ,4. Gasket ,50 provides an improved seal between bottom sheet ,02 of delivery 
bandage ,8 and skin ,4 to a„ow wound treatment apparatus ,0 to contro, the topica, 
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atmosphere adjacent wound 16. It is understood that other suitable materials can be 
used to provide a gasket, such as an appropriate layer of adhesive material. 

Bottom sheet 106 of drainage bandage 20 includes a perimeter 152 
central drainage passageway 154, and outer drainage passageways 156 that are 
configured to align with the corresponding perimeter 124 and passageways 128 130 of 
top sheet 104 of delivery bandage 18. Bottom sheet 106 includes a thin layer of 
adhesive 158 formed as an open frame adjacent perimeter 152 to provide for 
removably coupling to delivery bandage top sheet 104. Adhesive 158 is configured to 
remam on bottom sheet 106 of drainage bandage 20 after uncoupling to allow for easy 
replacement of drainage bandage 20 without the need to remove delivery bandage 18. 

Top sheet 108 of drainage bandage 20 has no passageways and is 
configured to align with bottom sheet 106 to provide a cavity 160 that receives 
adsorbent pad 110. Drainage bandage 20 is formed by sandwiching drainage tube 24 
between top and bottom sheets 106, 108, which are then sealed together by RF 
welding adjacent their perimeters. Drainage bandage 20 thus channels wound effluent 
from delivery bandage 18, through pad 110, and out drainage tube 24 in an assembly 
that ,s easily replaceable, for example when adsorbent pad 110 becomes saturated or 
otherwise contaminated. 

Bandage assembly 12 thus provides a two-piece bandage in which 
drainage bandage 20 can be removed and replaced while leaving delivery bandage 18 
in s,tu. Drainage passageways 1 1 8, 1 22, 1 28, 1 30 thus allow for access to wound 1 6 
through delivery bandage 18 when drainage bandage 20 is removed. Thus, a medical 
care g.ver can take a culture or sample from wound 16 without the need to remove 
delivery bandage 18. 

An alternative embodiment bandage assembly 12' includes a one-piece 
combination delivery and drainage bandage comprising a delivery bandage portion 18' 
and drainage bandage portion 20' as shown in Fig. 11. Delivery bandage portion 18' 
includes a bottom sheet 102' that has a single drainage passageway 1 18' and a plurality 
of med.cmal fluid delivery passageways 120'. Top sheet 104" includes a single drainage 
passageway .28'. Delivery bandage portion 18' includes a medicinal fluid supply tube 
22' for use as discussed above in providing nebulized or liquid medication etc 
Drainage bandage portion 20' includes a pad 1 10', a top sheet 108', and a drainage tube 
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24'. Drainage tube 24' is coupled to bandage assembly 12' between sheets 104' and 



108'. 



30 



Another alternative bandage assembly 12" is formed with only top and 
bottom sheets 102", 104" as shown in Fig. 12. Bottom sheet 102" includes a central 
drainage passageway 1 18" and a plurality of delivery passageways 120" arranged in a 
circular pattern radially outward of drainage passageway 1 18". A medicinal fluid 
supply tube 22" and a drainage tube 24" are coupled between top and bottom sheets 
102", 104", with radio frequency welds (not shown) isolating the delivery tube and 
passageways 22", 120" from drainage tube 22" and passageway 1 1 8". 

Yet another alternative bandage assembly 12"' is formed with elongated 
top and bottom sheets 102"', 104'" as shown in Fig. 13. Delivery passageways 1 18" 
are arranged in a rectangular pattern to provide for delivery of fluid medication and 
control of the topical atmosphere adjacent a surface wound 16 having an elongated 
shape. Drainage passageway 1 20"' is illustratively circular, although drainage 
passageway 120'" can be formed in any suitable shape, such as an elongated 
rectangular or elliptical opening. Embodiment 12"' illustrates how bandages according 
to the present invention can readily be adapted for treatment of any wound shape by 
suitable geometric adaptations of the bandage assembly. 

Another alternative drainage bandage 20" includes a bottom sheet 1 06", 
a top sheet 108", and a pad 1 10" as shown in Fig. 14. Bottom and top sheets 106", 
108" are formed with respective passageway portions 107", 109". Bandage 20" is 
formed by welding sheets 1 06", 108" together at their perimeters so that passageway " 
portions 107", 109" form a passageway suitable for coupling to a drainage tube 24. 
Bandage 20" can be used as discussed above for bandage 20 so that wound effluent 
from a delivery bandage travels through drainage bandage 20" as shown by arrows 99", 



101". 



As mentioned above, heater 40 can be replaced by other heating 
systems, such as recirculating fluid heating assembly 200 as shown in Figs. 15-18. Fig. 
15 also shows yet still another alternative embodiment bandage assembly 12"". 
Bandage assembly 12"" includes a delivery bandage portion 18"" that differs from 
delivery bandage 1 8 as shown in Figs. 4-6 essentially in its outer wound drainage 
passageways 122"", which are formed as truncated arc segments. Bandage assembly 
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■2- include a drainage bandage portion 20™ essentially ,he same as drainage bandage 
20" discussed just above. Bandage assembly 12™ further includes a drainage tube 24 
coupled to a wound drainage vapor filter 94. 

Heating assembly 200 includes a radiant heating plate 202 configured to 
be coupled with a recirculating fluid path assembly 204 that transports recirculating 
find ma circuitous path past plate 202. As shown in Fig. 15, fluid path assembly 204 
mcludes a tube section 206 configured to be laced into a channel 208 in a peristaltic 
pump 42 that pumps the recirculating fluid through assembly 200. Fluid path assembly 
204 further includes input and output ports 210, 212 that are coupled to a nebulizer 
cap 214, which in turn is coupled both to a nebulizer 26 and to a multi-lumen tube 132 
leading to bandage assembly 12-. Tube 132 is coupled to bandage assembly 12" by a 
connector 216. 
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Fluid path assembly 204 is illustratively formed by welding two flexible 
plastic sheets together to form a circuitous fluid input pathway 218 and a circuitous 
fluid output pathway 220 as shown in Fig. 16. Input pathway 2,8 is coupled to input 
PPrt 210 and tube section 206; output pathway 220 is coupled to tube section 206 and 
output port 212. Fluid path assembly 204 is folded along its centerline 222 as shown 
m F lg . 17 so that input pathway 218 is opposite output pathway 220. Side edges 224 
226 that extend from centerline 222 are then welded together as shown by arrows 230 
to create a pocket 228 configured to receive heating plate 202 so that recirculating 
fluid travels circuitously through fluid path assembly 204 past heating plate 202. 

As fluid flows through fluid path assembly 204 past heating plate 202 
flu,d temperature is measured, for example, by infrared heat sensors 238 
Recirculating fluid temperature is then regulated to a desired value by controlling the 
heat output of plate 202 selectively based on measured fluid temperature It is 
understood that fluid path assembly 204 can be replaced by any suitable mechanism 
such as a tube coupled to flexible sheets, or by forming narrow pathways or parallel 
pathways within flexible sheets, etc. Essentially, the requirement is to provide 
rearculating fluid pathways capable of receiving heat from plate 202 in order to 
regulate the temperature of fluid flowing through the pathways. 

Heating plate 202 is illustratively formed from two plate sections 228 
230 that are coupled to a base 232 as shown in Fig. 1 8, Plate sections 228, 230 
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include resistive heating elements 234 that are selectively controllable to heat 
recirculating fluid as it flows in fluid path assembly 204 past plate 202. Plate sections 
228, 230 further include holes 236 to facilitate use of infrared temperature sensors for 
measuring recirculating fluid temperature, Plate 202 and sensors 238 are coupled to 
5 control system 44 to provide for automated temperature control of recirculating fluid. 

An alternative drainage system 162 as shown in Fig. 19 can be used in 
the wound treatment apparatus 10, 10" of Figs. 2 and 3 to provide for automated 
monitoring and switching of drainage bags by control system 44. Drainage system 162 
includes first and second drainage bags 164, 166, and valves 168, 170 that are coupled 
10 between drainage bags 164, 166 and wound drainage tube 24. Drainage bags 164, 166 
include pressure sensors 172, 174 that provide signals to control system 44 indicative 
of bag pressure, which correlates to whether the bag is full and needs to be changed. 
Bags 164, 166 further include bacteria filters 190, 192 and exhaust valves 186, 188 
that control system 44 can use to vent excess pressure from within bags 164, 166. 
■ 5 Drainage bags 1 64, 1 66 are coupled to a pump 1 76 through valves 1 78, 

180, pressure regulator 182, and filter 184. Valves 168, 170 are coupled to control 
system 44 to allow for automated selection of which drainage bag will receive effluent 
from bandage assembly 12, 12'. Drainage system 162 thus allows for automated and 
continuous operation of wound apparatus 1 0, 1 0\ In operation, valve 1 70 is closed 
0 and valve 168 is opened to permit filling of bag 164. When sensor 172 indicates to 
control system 44 that bag 164 is full, valve 1 68 is closed and valve 170, is opened to 
permit filling of bag 166. With valve 168 closed, valve 178 opens to supply pressure 
to bag 164 to force the contents of bag 164 out through bacteria filter 190. When 
sensor 174 detects that bag 166 is full, valve 170 is closed and valve 168 is opened to 
5 permit filling of bag 164 again. With valve 1 70 closed, valve 1 80 opens to supply 
pressure to bag 166 to force the contents of bag 166 out through bacteria filter 192. 
This cycle repeats itself so that tube 24 is not exposed to back pressure. 

Referring now to Figs. 20 and 2 1, an additional embodiment of wound 
treatment apparatus 320 comprises a medicinal fluid supply 322 to deliver fluid to 
wound 16, and a vacuum 326 and waste receptacle 324 to draw and store the fluid 
from wound 16. A supply tube 328 is connected to fluid supply 322 and to a fluid 
junction array 330. Fluid junction array 330 includes a fluid delivery conduit or 
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deposit membrane 332 having an opening 333, and a circulating tube coupler 334. 
Opening 333 is positioned near wound 16. Illustratively, deposit membrane 332 can 
be made from two sheets laterally sealed on each side or it can be made from a simple 
tube. The material used to make membrane 332 can be rubber, plastic or any other 
suitable material. In addition, in one illustrative embodiment, membrane 332 has a 
flare 338 leading to opening 333, as best shown in Fig. 21. Flare 338 allows selective 
control over the flow rate of the medicinal fluid. The operator may cut membrane 332 
thereby reducing its length, and increasing the flow of the medicine. The more flare 
338 that is cut off, the faster the flow rate. 

Circulating tube coupler 334 illustratively comprises dual ends 340 and 
342, respectively. Each end illustratively 340 and 342 extend from opposite sides of 
membrane 332. (See Fig. 2 1 .) Circulating tube 344 is connected to each end 340 and 
342 encircling the periphery of wound 16 on healthy tissue. Fluid collection openings 
or notches 346 are formed intermittently along the length of tube 344. Illustratively, 
15 end 342 is connected to outlet tube 348 whereas end 340 is a terminated end. This 
forces all of the fluid in tube 344 to travel in one direction toward outlet tube 348. As 
a result, fluid flows out from membrane 332 passing over wound 16, drawing through 
notches 346 into tube 344, and exiting through outlet tube 348. Vacuum 326 
communicates with outlet tube 348 via vacuum tube 350 and waste receptacle 324 to 
20 assist in drawing fluid from wound 16 into waste receptacle 324. 

Circulating tube 344 may include a bendable wire 352 extending 
therethrough. Bendable wire 352 provides a semi-ridged form for tube 344 so that it 
may be selectively positioned about the periphery of wound 16 and hold its shape. As 
shown in Fig. 22, diameter 358 of bendable wire 352 is less than inner diameter 354 of 
25 ^ circulating tube 344, thereby not inhibiting the flow of fluid. 

Fluid junction a/ray 330 attaches to adhesive 361 which adheres to a 
portion of healthy tissue surrounding wound 16. It is appreciated, however, that array 
330 may be attached to the skin by any variety of suitable means. Top sheet 362 is 
sized to cover apparatus 320 and may be removably attached directly to healthy skin 
(not shown). Top sheet 362 is illustratively formed from a clear, flexible 
polyurethane or vinyl that meets USP Class VI requirements for medical applications. 
Gasket or order 360 is illustratively formed with a generally square perimeter having 



JO 



7175-64836 



-21- 

^ «V rounded corners attaching to the skin about the periphery of tube 344 and serves as a 
seal. In one embodiment, border 360 is positioned underneath top sheet 362, as shown 



in Fig. 2i. In addition, border 360 attaches to array 330 by a pair of fasteners 364 that 
extend through apertures 366. 

Another embodiment of the wound treatment apparatus is indicated by 



reference number 368 and is shown in Figs. 23 and 24. A fluid supply tube 382 leads 
illustratively into outer chamber 378. Outer chamber 378 is formed about the 
periphery of inner chambe/ 374. Chambers 374 and 378 are formed by a top sheet and 
a bottom sheet 372 and 373, respectively. (See Fig. 24.) Illustratively, RF welds 
10 about the periphery of inner chamber 374 and about the periphery of outer chamber 
378 further defines the chambers within sheets 272 and 273. The welds form an inner 
border and an outer/border 375 and 380, respectively. It is understood that any 
suitable means can/be used to form borders 375 and 380, in place of ultra-sonic welds. 
For example, borders 375 and 380 can be made from adhesive or from heat selectively 
15 applied to sheetsp72 and 373. 

A gasket 383 is attached about outer border 380 of the bandage. 
Gasket 383 suspends sheets 372 and 373 forming a wound cavity 379 as shown in Fig. 
24. An adhesive 384 is attached to the underside of gasket 383 to adhere to healthy * 
skin tissue surrounding the wound (not shown) thereby holding apparatus 368 in place 
20 and containing the medicinal fluid in wound cavity 379. 

Illustratively, medicinal fluid is deposited through tube 382 into outer 
chamber 378. Several passageways 377 are disposed, in spaced relation to each other, 
through lower sheet 373 into wound cavity 379. Medicinal fluid can then flow 
through passageways 377 into wound cavity 379 and onto the wound. The fluid is 
25 then drawn from the surface of the wound up through outlet aperture 376. Outlet 
aperture 376 is disposed through lower sheet 373 into inner chamber 374. With the 
assistance of a vacuum connected to outlet tube 370, the medicinal fluid is drawn from 
inner chamber 374 into tube 370 and ultimately into a waste receptacle. Fluid 
collection openings or notches 346 are formed intermittently along the length of tube 
30 370 within inner chamber 374 to further assist in collecting fluid. 

It is appreciated that the flow direction of the medicinal fluid may be 
reversed from that previously described. Illustratively, medicinal fluid can enter 
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apparatus 368 through outlet tube 370, and dispense through aperture 376 into wound 
cavity 379. Fluid can then be drawn through apertures 377 into outer chamber 378 
and out through tube 382. Apertures 377 may be of any size suitable to draw the fluid 
from wound cavity 379 into chamber 378. 
5 A still further embodiment of the wound treatment apparatus is 

indicated by reference number 386 and is shown in Figs. 25 and 26. In contrast to the 
previous embodiment, fluid supply tube 382 leads illustratively into inner chamber 374. 
Like the previous embodiment, outer chamber 378 is formed about the periphery of 
inner chamber 374. In addition, chambers 374 and 378 are formed by a top sheet and 

10 a bottom sheet 372 and 373, respectively. (See Fig. 26.) Again, illustratively, an RF 
weld about the periphery of inner chamber 374 and at the periphery outer chamber 378 
further defines the chambers within sheets 372 and 373. The welds form an inner 
border and an outer border 375 and 380, respectively. It is understood that any 
suitable means can be used to form borders 375 and 380, in place of RF welds. 

15 Illustratively, medicinal fluid is deposited through tube 382 into inner 

chamber 374. This is in contrast to the previous embodiment where tube 382 
deposited fluid into outer chamber 378. Medicinal fluid can then flow through inlet 
aperture 385 that is disposed through bottom sheet 373 into wound cavity 379 and 
onto the wound. Several passageways 381 are disposed, in spaced relation to each 

20 other, through lower sheet 373 into wound cavity 379. In one illustrative embodiment, 
passageways 381 are larger in size than passageways 377 in the previous embodiment. 
The fluid is drawn from the surface of the wound up through passageways 381 . In one 
embodiment, openings or notches 346 are formed intermittently along the portion of 
tube 391 extended within outer chamber 378. Tube 391 illustratively extends through 

25 outer chamber 380. With the assistance of a vacuum connected to outlet tube 391, the 
medicinal fluid is drawn up from outer chamber 378 into tube 391 and ultimately into a 
waste receptacle. Other features like gasket 383 and adhesive 384 are configured 
similar to that of the previous embodiment. 

It is appreciated that the flow direction of the medicinal fluid may be 

30 reversed from that previously described. Illustratively, medicinal fluid can enter 

apparatus 386 through tube 391, flow out notches 388 and dispense through apertures 
381 into wound cavity 379. Fluid can then be drawn through aperture 385 into inner 
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chamber 374 and out through tube 382. Apertures 381 may be of any size suitable to 
dispense the fluid from outer chamber 378 into wound cavity 379. 

1 An additional embodiment of a wound treatment apparatus is indicated 
reference number 392 'and is shown in Figs. 27-29. Wound apparatus 392 
5 comprises a fluid supply tube 396 extending illustratively near the center of apparatus 
392 into a dispensing apeiture 398. Aperture 398 opens to a wound cavity 400 
formed on the underside c f apparatus 392. (See Figs. 28 and 29.) Above wound 
cavity 400 and formed about dispensing aperture 398 is basin 402. Basin 402 is 
defined by inner and outerjwalls 410 and 412, respectively. Inner wall 410 separates 
10 the basin 402 from dispensing aperture 398. Outer wall 412 illustratively defines the 
periphery of basin 402. Columns 404 extend from basin 402, illustratively in a circular 
formation about inner wall |U0, as shown in Fig. 27. A top sheet 405 is formed over 
basin 402, attaching illustratively to the top of outer wall 412. Columns 404 support 
top sheet 405 over basin 402. Top sheet 405 is thereby prevented from collapsing in 
1 5 on basin 404 and covering passageways 406 as a negative pressure is applied to 
bandage 392. | 

An adhesive 394 is attached to apparatus 392 illustratively about the 
periphery of cavity 400. As with previous embodiments, adhesive 394 adheres to 
healthy skin tissue surrounding the wound. It is appreciated that adhesive 394 may be 
20 replaced with any variety of means to secure wound apparatus 392 over the wound. 

Illustratively, medicinal fluid flows from tube 396 through aperture 398 
into wound cavity 400 and onto the wound. The fluid then draws up through 
passageways 406 collecting in basin 402. The collected fluid is then drawn from basin 
402 into outlet tube 414 and ultimately into a waste receptacle (not shown). As with 
25 other embodiments previously discussed, a vacuum may illustratively be attached to 
outlet tube 414 in the manner previously described. 

It is appreciated, however, that the flow direction of the medicinal fluid 
in apparatus 392 may be reversed from that previously described. Illustratively, 
medicinal fluid can enter through tube 4 1 4, flow into wound cavity 400 through 
30 passageways 406. The fluid can then be drawn through aperture 398 into tube 396. 
Apertures 406 may be of any size suitable to dispense or draw the fluid to or from 
wound cavity 400. 
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y \ \ Another embodiment of the present invention includes a flexible wound 

^treatment apparatus 420 shown in Figs. 30-32. An inlet tube 382 is extended through 
top panel 422 into chamberi424. Chamber 424 is formed between top panel 422, 
mid-panel 426, and is defined by inner and outer borders 375 and 380, respectively. 

5 (See Figs. 30 and 31.) Illustratively, an RF weld about the peripheries of chamber 424 

\ 

forms borders 375 and 380 as previously discussed. Several apertures 377 are 
disposed through mid-panel 426 into an expanded wound cavity 428. Wound cavity 
428 is defined by two laterally space side walls 430 and 432 and two end walls 434 and 
436 extending between said side walls 430 and 432. Mid-panel 426 interconnects to 

10 the coplanar edges of walls 43^0, 432, 434, and 436. The resultant form is a flexible 
bellow or flexible body. A spacer 442 is fitted within the periphery of wound cavity 
440. Spacer 442 is illustratively made from a foam material but it is understood that it 
can be made from any suitable material that will assist in maintaining the form of the 
expanded wound cavity 428 as Ihown in Figs. 3 1 and 32. 

15 Formed about the periphery of wound cavity 428 and attached to 

coplanar edges of said walls 430, 432, 434, and 436 opposite mid panel 426, is a pad 
438. Pad 438 is illustratively made from a thin flexible foam material and often with a 
plastic-like top coating. Pad 438 provides a cushioning intermediary between the walls 
430, 432, 434, and 436, and an adhesive 440. Adhesive 440, is a similar panel to 

20 those adhesives described in the previous embodiments. 

Flexible wound treatment apparatus 420 is optimum for use on flexible 
joints like knees and elbows. This is because spacer 442 keeps mid-panel 426 raised 
enough so that as wound 16 is raised as the joint bends, wound 16 will not be 
interfered with by mid-panel 426. (See Fig. 32.) 

25 Illustratively, and in similar fashion to previous embodiments, tube 382 

deposits medicinal fluid into chamber 424 where it flows through passageways 377 
into cavity 428. An outlet tube 448 is extended illustratively through top panel 422, 
over spacer 442, and into wound cavity 428. Notches 346 can be formed in the length 
of tube 448 positioned within cavity 428 so that after the fluid has deposited onto 

30 wound 16 it is drawn up through opening 437 and/or notch 346 into outlet tube 448. 
Like previous embodiments, it is understood that the flow of the medicinal fluid can be 
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reversed. The fluid can be deposited onto wound 16 by tube 448 and drawn up 
through passageways 377 into chamber 424 and out tube 382. 

A further embodiment of the present invention comprises a heat and 
heat sensing system 500 (collectively, heat system 500) coupled, illustratively, with 
5 bandage 499 as shown in Fig. 33. It is appreciated that heat system 500 can be 

coupled with any bandage described herein. Heat system 500 includes a heating and 
sensing pad 502, thermocouples 508 and 510, a tube assembly 504, and a patch unit 
connector 506. Pad 502 is the portion of system 500 that transfers heat to bandage 
499 as well as senses the amount of heat that was transferred. Illustratively, pad 502 

10 includes a thermocouple 508 that supplies heat to pad 502, See Fig. 34. A second 
thermocouple 510 senses the heat that is being supplied by thermocouple 508. Pad 
502 can be made, illustratively from silicone, but it is appreciated that pad 502 can be 
made from any suitable material serving the same function as silicone. Pad 502 can be 
either inserted into a pocket 503 within the bandage or coupled to the bandage by any 

15 suitable means. In addition, alternatives to pad 502 can be used to transfer heat from 
thermocouple 508 to bandage 499. Both thermocouples 508 and 510 extend from pad 
502 to patch unit connector 506. Illustratively, the thermocouples can be contained in 
tube 504 protecting same. Tube 504 can be flexible and made from any suitable 
material, and be of any suitable length. 

20 Patch connector 506 connects to a nebulizer cartridge (not shown) and 

can be removed for continual use on additional bandages. A double lumen tube 512 
can connect to tube connector 5 13 to supply medicinal fluid to bandage 499 and draw 
fluid away from same, as hereinbefore described. 

Although the invention has been described in detail with reference to 

25 certain preferred embodiments, variations and modifications exist within the scope and 
spirit of the present invention as described and defined in the following claims. 



